Figure 1. Mammalian O-Glycan Biosynthesis: Production of Core 1 and Core 2 O-Glycans
The core 2 GlcNAcT enzyme functions in generating biantennary O-glycans in the Golgi. The core 2 branch provides a scaffold for the subsequent production of lactosamine disaccharide repeats and the selectin ligand sialyl Lewis X.
defining the physiologic roles of core 2 oligosacchafrom splenocytes homozygous for the C2 GlcNAcT ⌬ allele lacked Gal␤1-3(Gal␤1-4GlcNAc␤1-6)GalNAc, indirides, it was necessary to generate a germline deletion of the C2 GlcNAcT gene. Core 2 oligosaccharide deficiency cating a deficiency of core 2 O-glycans ( Figure 3B , upper panel, peak 3). Desialylation and additional chromatowas well tolerated in mice and revealed an unexpected degree of cell-type-specific function.
graphic analysis further indicated a loss of core 2 O-glycans ( Figure 3B , lower panel, peak 3). The majority of core 1 oligosaccharides in C2 GlcNAcT-deficient spleResults nocytes were sialylated, consistent with structures expected in the absence of C2 GlcNAcT activity.
Targeted Mutagenesis and Deletion
Monoclonal antibodies previously implicated as oligoof the C2 GlcNAcT Gene saccharide-dependent were also applied to character-C2 GlcNAcT is a Golgi localized type II transmembrane ize C2 GlcNAcT-deficient cells. B lymphocytes specifiglycosyltransferase and is conserved among mammals cally express CD22 and the B cell epitope B220, the studied (Bierhuizen and Fukuda, 1992; Sekine et al., latter of which is a glycoform of CD45 (Johnson et al., 1997). A mouse genomic clone encompassing the single 1989). Splenocytes lacking C2 GlcNAcT activity were C2 GlcNAcT protein-coding exon was used in condevoid of the B220 epitope, while CD22 and CD45 prostructing a gene-targeting vector designed to control tein levels at the cell surface were unaltered ( Figure 3C , exon deletion by Cre-loxP recombination (Figure 2A) . left panels). The CD43 glycoprotein is highly expressed Homologous recombination of the targeting vector in on leukocytes as two distinct glycoforms differentially embryonic stem (ES) cells incorporated selection markrecognized by monoclonal antibodies S7 and 1B11. The ers and 3 loxP sites for the subsequent production of high molecular weight CD43 glycoform expressed on systemic C2 GlcNAcT ⌬ or conditional C2 GlcNAcT F mumyeloid cells is modified with core 2 O-linked oligosactations in vivo ( Figures 2B and 2C ). These alleles were charides and is recognized by the 1B11 antibody (Jones transmitted into the mouse germline, and offspring hoet al., 1994). In mice homozygous for the C2 GlcNAcT ⌬ mozygous for either the C2 GlcNAcT ⌬ or C2 GlcNAcT F allele, myeloid cells remained positive for S7 binding, allele were generated. Such offspring were present while 1B11 antibody binding was distinctly absent (Figamong 25% of littermates, lacked overt physical or beure 3C, right panels). These data reveal that homozygoshavioral abnormalities, developed normally, and were ity at the C2 GlcNAcT ⌬ allele results in a deficiency of fully fertile. Mice homozygous for C2 GlcNAcT ⌬ allele C2 GlcNAcT activity and core 2 O-glycans. were further analyzed.
C2 GlcNAcT Activity and Core 2
C2 GlcNAcT Deficiency Results in a Moderate Neutrophilia O-Glycan Abundance C2 GlcNAcT enzyme activity is specifically detected by Upon histologic examination, no alterations were detected in cellular or organ morphologies within C2 GlcNAcTusing a substrate analog of the core 1 oligosaccharide (Yousefi et al., 1991) . In mice homozygous for the C2 deficient mice. The kidney, lungs, intestinal tract, and associated epithelium were unremarkable, and mucin GlcNAcT ⌬ allele, tissues normally expressing high C2 GlcNAcT levels were devoid of significant activity, inlevels in the intestinal goblet cells were indistinguishable from controls (data not shown). Analyses of serum biocluding the spleen, bone marrow, and kidney ( Figure  3A) . To determine whether loss of C2 GlcNAcT activity chemistry indicated normal renal function (data not shown). Hematologic examination disclosed a blood resulted in a deficiency of core 2 O-glycans, oligosaccharide structures were analyzed in metabolically laleukocytosis. Total white blood cell counts were elevated 2.4-fold in C2 GlcNAcT null mice. This increase beled splenocytes. O-linked oligosaccharides isolated was almost entirely accounted for by a 4.3-fold increase measure the contribution of core 2 oligosaccharides to functional selectin binding. Immobilized E-, L-, or in neutrophils ( Figure 4A ). Bone marrow progenitor cell numbers were normal in C2 GlcNAcT null mice, implying P-selectin-Ig chimeras served as the adhesion substrate for neutrophil rolling in this system. The binding of FucTthat the leukocytosis is not a consequence of increased neutrophil production ( Figure 4B) . In other studies, circu-VII null leukocytes was monitored in direct comparisons as they do not appreciably bind selectins at most shear lating platelet levels and morphology were also unchanged and no difference in bleeding time was apparent (data forces (Maly et al., 1996) . Leukocytes deficient in core 2 oligosaccharides exhibited reduced but significant not shown). These observations are reminiscent of certain results obtained from mice deficient in selectins or rolling activity on E-and P-selectins at all shear forces used, while FucT-VII null leukocytes did not interact selectin ligands.
appreciably with the immobilized selectin-Ig chimeras ( Figure 5C ). At the highest shear forces, 50% of C2
C2 GlcNAcT Participates in Selectin Ligand Formation and Leukocyte Rolling
GlcNAcT null leukocytes remained bound to the P-selectin substrate and approximately 20% bound to the To detect a role for C2 GlcNAcT in selectin ligand biosynthesis, selectin-Ig chimeras were used to examine levels E-selectin substrate. In contrast, leukocyte rolling on L-selectin appeared especially dependent upon core 2 of E-, L-, and P-selectin ligands on cell surfaces. The E-and P-selectin chimeras specifically bind to carbohyoligosaccharide biosynthesis as C2 GlcNAcT-deficient leukocytes were unable to bind except at shear forces drate ligands on myeloid cells in the blood including granulocytes and monocytes (Maly et al., 1996) . Using below 10 dynes/cm 2 . flow cytometry, peripheral blood leukocytes from C2 GlcNAcT null mice were found to be deficient in both Core 2 Oligosaccharides Recruit Neutrophils to Sites of Inflammation E-and P-selectin ligands. The P-selectin chimera did not significantly bind, whereas a low level of E-selectinSince core 2 oligosaccharides contribute to selectin ligand biosynthesis, it seemed likely that C2 GlcNAcT null Ig binding remained ( Figure 5A ). These results were not due to reduced expression of proteins that carry selectin mice would exhibit abnormalities in lymphocyte trafficking and neutrophil recruitment to sites of inflammation. ligands. Cell surface levels of PSGL-1, L-selectin, and CD24 on C2 GlcNAcT-deficient leukocytes were unafDuring the first 4 hr following an inflammatory stimulus, neutrophil recruitment to sites of inflammation is largely fected, as were levels of various adhesion molecules involved in the firm attachment of leukocytes to the dependent upon selectin function (Mayadas et al., 1993) . Peritonitis induced by thioglycollate injection can be endothelium (CD11a, CD11b, and CD18; Figure 5B) .
A parallel plate flow chamber system was used to used to assess selectin function in a model of acute ]-Glucosamine labeled O-glycans were isolated and subjected to Bio-Gel P-4 gel filtration (upper panels). The fractions containing sialylated oligosaccharides (peaks 1 and 2) were combined, desialylated, and subjected to HPLC (lower panels). Peaks 1, 2, 3, 4, and 5 indicate the elution positions of disialylated forms of Gal␤1-3(Gal␤1-4GlcNAc␤1-6) GalNAcOH and Gal␤1-3GalNAcOH (peak 1) and monosialylated forms of Gal␤1-3(Gal␤1-4GlcNAc␤1-6)GalNAcOH and Gal␤1-3GalNA-cOH (peak 2), Gal␤1-3(Gal␤1-4GlcNAc␤1-6) GalNAcOH (peak 3), Gal␤1-3GalNAcOH (peak 4), and GalNAcOH (peak 5). Leukocyte L-selectin ligand production appears to be 
